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2we may write sin (b
y
+ b) ' (b
y
+ b). If we choose the detuning between the cavity and the laser eld to be Æ
cA
= 













is obtained in the rotating wave approximation. Here 

1
denotes the eective interaction strength. We consider the




(jgi+ jei) and the vibration mode
of the ion is in the Fock state jni
b












































The carrier transition jei $ jgi is driven in order to generate a

2
















































































The quantum state 
+
is obtained if the internal state jgi of the ion is detected. Otherwise the quantum state 
 
is
generated. These two-mode quantum states (7) are the SU(2)-Schrodinger-cat states of the form (j; ji  j   ; ji)











































































Then the atom is subjected to a

2
-pulse, which is resonant with the transition jei $ jgi. Upon a detection of the




















This equation demonstrates the generation of entangled coherent states of a special type. Entangled coherent states








. In this example the
















3If the atom's internal state is subjected to a

2
-pulse, like it is described above, the detection of the ground state jgi












There is also the possibility of choosing the detuning between cavity eld and laser eld to be Æ
cA
=  . In this case,
















denotes the eective interaction strength. The interaction (12) is a parametric amplier, which leads to
a two-mode squeezed vacuum state, if the two bose-modes are at the beginning in the vacuum state and the ion's















































After subjecting the atom's internal state to a

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= . In the Lamb-Dicke limit we obtain after discarding the rapidly oscillating















This was used to generate Bell-states of a single ion vibration mode and the cavity eld state [12]. When the ion's










































where the states to the left of the arrows represent initial states 	(0) and the states to the right are the states 	(t
1
).
The Eq.(18) shows that a quantum phase gate operation can be implemented, if the vibration mode and the cavity
mode are used to represent separately a qubit.
In summary, we presented a scheme to generate nonclassical two-mode states of a single trapped ion vibration mode
and the light eld state. This quantum state generation scheme makes the generation of two-mode SU(2)-Schrodinger-
cat states, entangled coherent states, two mode squeezed vacuum states and their superposition possible. We also
showed that a quantum phase gate can be implemented, if the two-qubit states are identied with the two-mode Fock
states with the quantum numbers 0 and 1.
These results demonstrate the usefulness of this trapped ion cavity system in respect of the nonclassical state gener-
ation.
Note add: After we submitted this manuscript, we noticed two dierent proposals to implement quantum logic gates
in a trapped ion cavity QED system [18].
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